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Storable propellants (for example water, ammonia, and hydrazine) are attractive for deep
space propulsion due to their naturally high density at ambient interplanetary conditions, which
obviates the need for a cryogenic/venting system. Water in particular is attractive due to its ease
of handling and availability both terrestrially and extra-terrestrially. While many storable
propellants are reactive and corrosive, a propulsion scheme where the propellant is insulated
from vulnerable (e.g. metallic) sections of the assembly would be well-suited to process these
otherwise incompatible propellants.
Pulsed inductive plasma thrusters meet this criterion because they can be operated without
direct propellant-electrode interaction. During operation of these devices, electrical energy is
capacitively stored and then discharged through an inductive coil creating a time-varying current
in the coil that interacts with a plasma covering the face of the coil to induce a plasma current.
Propellant is accelerated and expelled at a high exhaust velocity (O(10-100 km/s)) by the Lorentz
body force arising from the interaction of the magnetic field and the induced plasma current.
While this class of thruster mitigates the life-limiting issues associated with electrode erosion,
many pulsed inductive plasma thrusters require high pulse energies to inductively ionize
propellant. The Microwave Assisted Discharge Inductive Plasma Accelerator (MAD-IPA) is a
pulsed inductive plasma thruster that addressees this issue by partially ionizing propellant inside
a conical inductive coil before the main current pulse via an electron cyclotron resonance (ECR)
discharge. The ECR plasma is produced using microwaves and a static magnetic field from a set
of permanent magnets arranged to create a thin resonance region along the inner surface of the
coil, restricting plasma formation, and in turn current sheet formation, to a region where the
magnetic coupling between the plasma and the theta-pinch coil is high. The use of a conical
theta-pinch coil also serves to provide neutral propellant containment and plasma plume focusing
that is improved relative to the more common planar geometry of the Pulsed Inductive Thruster
(PIT).
In this paper, we describe thrust stand measurements performed to evaluate the specific
impulse and thrust efficiency of the MAD-IPA for a variety of propellants. Propellants tested
include both widely-used, non-reactive noble gases like argon, and rarely-used propellants such
as water, hydrazine and ammonia. Dependencies of impulse data on propellant species are
discussed in the context of the current sheet formation and electromagnetic plasma acceleration
processes.
